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PREFACE 

This investigation was authorized by the Office, Chief of Engineers, 

in first indorsement, dated 12 November 1958* to a letter from the U. S. 

Army Engineer Wuterwayo Experiment Station, dated 16 October 1950> subject, 

"Revised Project Plan for Development of a Test for Concrete Mixer Per- 

formance," and is a part of CWI Item 6l6, "Performance of Construction 

Plant and Equipment," of the Civil Works Investigation Program of the Corps 

of Engineers. 

The investigation was conducted in the Concrete Division, Waterways 

Experiment Station, during fiscal year 1959* under the.direction of Messrs. 

Thomas B. Kennedy, James M. Polatty, and William 0. Tynes. This report was 

prepared'by Messrs. Tynes and Kenneth L. Saucier. Col. Edmund H. Lang, CE, 

was Director of the Waterways Experiment Station during this investigation 

and the preparation of this report. Mr. J. B. Tiffany was Technical 

Director. 
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SUMMARY 

A literature survey revealed that considerable work had been done 
toward the development of methods of testing for determining the efficiency 
of concrete mixer performance. However, it was believed that a reliable 
and suitable test method that could be used both in the laboratory and at 
field installations did not exist. Therefore, this investigation was under- 
taken to evaluate various test methods and to develop a satisfactory method 
for determining whether a concrete mixer is blending the concrete mixture 
into a homogeneous mass. 

The investigation was divided into five phases, four laboratory and 
one field.  In the laboratory phases, concrete, mixtures containing 1-1/2- 
und 6-in. maximum size aggregates were mixed in a 10-3 Koehring mixer for 
various lengths of time to simulate well-mixed and poorly mixed concrete; 
in the field phases, mixtures containing 6-Jn. aggregate were mixed in a 
standard 2-cu-yd-capacity Koehring mixer to simulate well-mixed and poorly 
mixed concrete. It was found that three samples from each batch were an 
adequate number for testing. 

Results indicated tests to determine (a) unit weight of air-free 
mortar, (b) percentage of coarse aggregate in the concrete, (c) water con- 
tent of fresh mortar, and (d) cement content of dry mortar to be the most 
reliable and suitable for evaluating concrete mixer performance. Maximum 
allowable variations were established for each test. 

The proposed test method for evaluating concrete mixer performance 
developed from this investigation is included as Appendix A. 
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DEVELOPMENT OF METHOD OF TEST FOR CONCRETE MIXER PERFORMANCE 

PART I:  INTRODUCTION 

EacUnround and Purpose of InvestlRatlon 

1. A search of the available, pertinent literature (references 1-U, 

6-15, 18-21 of the Bibliography) was made before the investigation reported 

herein was begun, and revealed that considerable work had been done toward 

development of test methods for evaluating the performance of concrete 

mixers. These methods included tests to determine strength of hardened 

concrete specimens, unit weight of the freshly mixed concrete, chemical 

analysis for cement content, sieve analysis to determine the constituent 

parts of a mixture, and unit weight of the air-free mortar. Correlation 

between tests is inherently difficult; however, information found in the 

literature formed the basis for a portion of the work performed in this 

investigation. 

2. At the beginning of the investigation, it was felt that no re- 

liable and suitable test method existed for evaluating concrete mixer per- 

formance both in the laboratory.and at field installations. Therefore, the 

purpose of this study was to evaluate various test methods and develop a 

satisfactory one for determining whether a concrete mixer is blending the 

concrete mixture components into a homogeneous mass. The results of this 

investigation were to form the basis for a standard test method to be in- 
17* 

eluded in the Handbook for Concrete and Cement   as CRD-C 55, and were 

also to assist in establishing the requirements for mixer performance and 

mixing time to be included in Corps of Engineers Guide Specifications. 

Scope of Study 

3- The investigation was conducted in five phases: phases I, II, 

III, and V were performed in the laboratory and phase IV in the field. The 

concrete mixtures used in the laboratory phases were mixed in a 10-S 

* Raised numbere refer to similarly numbered entries in the Bibliography 
at end of the main body of this report. 
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Koehrlnc, cloced-end, roci;iri(;-t11tinc mixer, and those In the field i^iure 

were mixed in a standard 2-cu-yd Koehrinc tiltinc mixer. The tects used to 

evaluate the performance of the mixer were those for air content and unit 

woipht of the concrete, mortar:coarse aßcreßate ratio, unit weicht of air- 

free mortar, percentage of cement by weight of dry mortar, water content 

of fresh mortar, and percentage of coarse aggregate in sample. The scope 

of each phase was as follows: 

a. Phase I consisted of tests of both well-mixed and poorly 
mixed concrete containing l-l/2-ln. maximum size aggregate 
tc select test properties for use in evaluating concrete 
mix'ng, to determine the normal variations thee occur in 
these properties in well-mixed concrete, and to establish 
the minimum number of samples required per batch for deter- 
mining the adequacy of mixing. 

b. Phase II consisted of tests of concrete containing l-l/2-in. 
maximum size aggregate mixed for arbitrarily selected mixing 
times to develop and evaluate test methods that would indi- 
cate the degree of mixing. 

c. Phase III consisted of tests of both well-mixed and poorly 
mixed concrete containing 6-in. maximum size aggregate (mixed 
in the 10-S Koehring mixer), employing the tests selected for 
evaluation in phases I and II. 

d. Phase IV consisted of tests of both well-mixed and poorly 
mixed concrete containing 6-in. maximum size aggregate mixed 
in the 2-cu-yd Koehring mixer. 

e. Phase V consisted of cement-content tests of concrete, con- 
taining I-1/2- and 6-in. maximum size aggregate and having 
various cement factors, using revised test procedures for 
comparison with results of similar tests in which the 
original procedures were used. 

■ 



TART II: MATERIAIß, MIXTUHES, CAMPLING BQUIFMENT, 
AND PROCEDURES 

Materials 

h.    The materials used in this Investigation were Type  II Portland 

cement, neutralized Vinsol resin solution, and manufactured fine and coarse 

limestone aggregates. . 

Mixtures 

5. Two concrete mixtures were uied in phases I-IV of this investiga- 

tion, one containing l-l/2-in. and the other 6-in. maximum size aggregate, 

with cement factors of 5.5 and 2-5 bags per cu yd, respectively. Only the 

mixing time was varied to provide so-called well-mixed and poorly mixed 

concrete. Six additional mixtures, similar to these except for cement 

contents, were used in phase V. 

Sampling Equipment 
:      < 

6. In all the laboratory phases a compartmented sampler, mounted on 

wheels, was used to obtain samples as the concrete was being discharged 

from the mixer. In the first part of phase I a five-compartment sampler 

was used; in all of the other laboratory tests a three-compartment sampler 

was used. For the l-l/2-in. maximum size aggregate concrete tests the 

sampler setup shown in fig. la was used for obtaining three 0.75-cu-ft 

samples. Fig. lb shows the sampler setup used in the 6-in. maximum size 

aggregate concrete tests to obtain three 2-GU-ft samples. 

7- For the field tests a columnar sampler, 25 in. by 30 in. by 

Ik  ft, capable of holding 2 cu yd of concrete and of being tilted from a 

vertical to a horizontal position, was constructed and installed immedi- 

ately heneath the discharge hopper of the field mixing plant. Fig. 2 

BhowG the sampler in a vertical position. 
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Fie- 2. Columnar sumpl'.T used to obtain three 6-cu-ft samples of 6-in. 
maximum bize ac{;re(;ate concrete in the field tests 
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a.    Sampler setup for obtainine three 0.75-cu-ft samples of 
l"l/2-in. maximum size aggregate concrete 
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b. Sampler setup for obtaining three 2-cu-ft samples of 6-in. 
maximum size aggregate concrete 

Fig. 1. The 10-G Koehrlng closed-end rocking-tilting mixer and 
three-compartment sampler used in the laboratory tests 
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Procedures 

Sampling 

8. In all of the laboratory tests (phases I, II, III, and V) the 

wheeled, compartmented sampler was passed through the discharge stream of 

the mixer to obtain samples representing the first, middle, and last por- 

tions of the batch as discharged. 

9- To obtain the samples in the field (phase IV), the columnar sam- 

pler was placed in a vertical position and the entire batch of concrete was 

discharged into it. The top cover was then secured and the sampler tilted 

from a vertical to a horizontal position. The side door was then opened 

and three samples wore obtained, each consisting of approximately 6 cu ft 

(100Ö lb) of concrete, one from the middle and one from each end of the 

sampler, representing the first, middle, and last portions of the batch as 

discharged. The samples were obtained by taking a complete cross section, 

approximately 10 by 30 in., through the concrete in t  sampler (fig. 3). 

l! 

fjüTM 

Fig. 3« Columnar sampler in horizontal position with side door open, 
after three 6-cu-ft samples had been removed 

Test methods 

10. Test methods conformed in general to those found in the Handbook 
17 

Tor Concrete and Cement;  those not included in the Handbook are described 

in Appendix A to this report, except that for phases I through IV the 

cement-content test proceduroa for grinding the mortar sample and washing 



the  low-speoiric-cravlty solids from the centrifuge tube differed, slightly 

from those described in Appendix1» A no explained in the diGcussion of 

phase V (paragraphs 2U-26). 
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PART III:  TESTS AND RESULTS 

Phase T, Laboratory Tests to Select Tosts and Number of Zninnles  for 
Evaluatlnp; Concrete Containing 1-1/2-ln. Maximum Size Awrer.ate 

Tests of well-mixed concrete 
1-U,6-15,18-21 

11. The results reported in the literature  '   '    Indicated 

that certain tests might be of value in evaluating the performance of a 

concrete mixer. Among these were tests to determine air content and unit 

weight of the concrete, mortar:coarse aggregate ratio, unit weight of air- 

free mortar, and weight of coarse aggregate in the sample. All of these 

were used in th6 phase I tests of what was considered to be well-mixed 

concrete. Ten batches of concrete were proportioned and mixed for 2k0 

sec, and five samples were taken in alphabetical order, A through E, from 

each batch. These samples were tested in random order so that it was pos- 

sible to differentiate between differences due to sampling order and those 

due to time of testing. The results were analyzed by the analysis of vari- 

ance method to determine whether time of testing had an effect and whether 

the laboratory mixer was free of systematic differences among sequential 

samples. / 

12. Results of all of the tests mentioned above are given in table 1 

with the exception of the weight of coarse aggregate in the air-content 

container which has, in table 1, been converted to per cent coarse aggre- 

gate. The results of the analysis of variance, based on the five samples 

from each of the 10 batches, are as follows: 

Ratio  
Effect of 
Differ- 

enc'es in 

Batches 

Tejt 

Air content 
Unit weight of concrete 
Mortar.coarse aggr ratio 
Unit wt, air-free mortar 
Wt of coarse aggr 

Calcu-  Required 
lated    for 

Variance 99%» 95%* 

26.31       3.06      -- 
2M1       3.06 
2.53 

13.09 
1.75 

Conclusion 

Very significant 
Very significant 

3.O6    2.21   Significant 
3.O6      --     Very significant 
3.06   2.21   Not significant 

(Continued) 

*   Confidence limits. 
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Effect of 
Differ- 

ences in 

Times of 
testing 

Samples 

  Test 

Air content 
Unit weight of concrete 
Mortar:coarse aggr ratio 
Unit wt, air-free mortar 
Wt of coarse aggr 

Air content 
Unit weight of concrete 
Mortar:coarse aggr ratio 
Unit wt, air-free mortar 
Wt of coarse aggr 

Ratio 
Calcu- Required 
lated for 

Cc Variance 

k.02 
m delusion 

7-36 Very significant 
7.1Ü k.02 -- Very significant 
4.32 k.02 — Very significant 
6.99 k.02 — Very significant 

3.51 k.02 2.69 Significant 

19-63 k.02 — Very significant 
19-71 4.02 -- Very significant 
6.52 k.02 -- Very significant 
I.85 k.02 2.69 Not significant 
7-91 k.02 — Very significant 

The analysis demonstrated a number of interesting facts concerning the 

batching, mixing, and time of testing. The effect of time on all tests is 

apparent; hence it is important that, whatever tests are selected, they be 

conducted with as little time lag as possible. In all comparisons the var- 

iance ratios for air content and unit weight agree closely; this suggests 

that variation in unit weight is almost entirely due to variation in air 

content. Nearly the same agreement exists for mortar:coarse aggregate 

ratio and weight of coarse aggregate. This is not surprising since the two 

tests measure essentially the same property. The among-batch variance 

ratios indicate very significant differences not only in air content and 

unit weight but also in unit weight of air-free mortar, whereas differences 

in weight of coarse aggregate and mortar:coarse aggregate ratio are not 

significant or barely significant. The first two indicate the difficulty 

of precise batch-to-batch air-content control; the latter three suggest 

that the weighing is accurate but that variation in sand moisture produces 

variation in mortar properties. The among-sample variance ratios Indicate 

that there are systematic differences among samples from the same batch for 

all properties tested except for unit weight of air-free mortar. 

13- Selection of evaluation tests. Among the tests studied above, 

air content and unit weight of concrete do not seem well adapted to the 

purpose. Because of the lack of control of these quantities even in well- 

mixed concrete, it would be difficult to set meaningful limits. There is 

no reason to select both the mortar:coarse aggregate ratio and weight of 

coarse aggregate since they are so closely related. The latter was adopted 
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but modified to a per cent by weight rather then o weight per unit volume 

basis. This modification was made because of the difficulty in securing 

test samples of identical size, particularly for concrete containing the 

larger size aggregate. In order to obtain more complete information about 

the contents of a sample, two additional testa were Included. The cement- 

content test was selected since it is not influenced by the time required 

to complete the test after sampling, and the water-content test was 

selected since it can be run almost olmultaneouoly for all samples. Thus, 

these four tests, unit weight of air-free mortar, percentage of coarse 

aggregate, cement content, and water content of mortar, should provide a 

basis for evaluating mixer performance relatively fr^e from the compli- 

cating influence of time. 

Ik.    Determination of required number of samples. At the start of 

this investigation, information was not available as to the number of sam- 

ples required to properly evaluate the performance of a mixer, and a five- 

sample grour was selected eis a ctartiri/ point. It was felt that the t«:6t- 

'l.zts  rf nT.-r "! i!L.' f:ire r.inv.; I.':'. tf.m  *,:■<■  w: iv-. V; ,• f .>, ,'.1 /"•■Y. IV' h-v. ."'..•' 

time to be acceptable under field conditions. After the testing of the 

ten batches using the five-samples-per-batch procedure, a study was r.n'io to 

Investigate the possibility of rrduclnr; the number of samplfts rwyilr")  K'. 

■Z.     Js' C.'.'VT. •:.k/'.r .:-.    r-.t \ *•.-.: 

for unit weight of air-free mortar and percent&ce of scarce aggregate, It 

is apparent that the three-sample values are comparable to the five-sample 

values. Therefore, the three-sample procedure, consisting of taking 

samples from the first, middle, and last portions of the mixer discharge, 

was considered to be as good as the five-sample procedure, and was usgd for 

the remainder of this investigation. Considering only the resu .ts deter- 

mined on three-sample groups, the normal variation within batch for the 

unit weight of air-free mortar and percentage of coarse aggregate was 

established as the average variation plus two standard deviations for 

well-mixed concrete as shown below. 

Average        Standard Upper Limit 
Test Property   Variation (x). ^ Deviation (S). ^ x > 2S Selected. ^ 

Unit weight of 
air-free mortar 

fj coarse aggregate 

0.276 

2.0U 

0.1TU 

0.82 

0.62l| 

3.68 

0.7 

U.O 

■AMA* mmm 
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The percentage variation for the unit wclr.ht of air-free mortar and per- 

ccntoce of coarse of^recote wao determined by dlvldlnß the m'ixlmum dlffer- 

rnre of the three teat values from their averace by their averoce, and 

these valueo should not vary more than 0.7 and '«.O^, respectively. These 

variation limits agree closely with those recommended by the Bureau of 

Reclamation  of 0.(3 and 5*o£. 

Corroboration tests 
of poorly mixed concrete 

15. Six additional batches of concrete were mixed for 15 sec (rep- 

resentinc poor mixing) and tested to see if their properties fell outside 

the proposed limits. Three samples were obtained from each batch, and were 

tested for the same properties as the well-mixed concrete, including unit 

weight of air-free mortar and percentage of coarse aggregate. The results 

of these tests are shown in table 2. Based on the test criteria selected 

for evaluating mixer performance, these data indicate that the unit weight 

of air-free mortar would disqualify this time of mixing in every test, 

since the variation was greater than 0.7^ In all tests. However, the pcr- 

centcge of ccarae aggregate would disqualify this mixing time in only Gl% 

of the tect batches, since the maximum variation exceeded '».0^ In four of 

the six tests. 

Phase II, Laboratory Tests to Develop and Evaluate Test Methods 
~  ~   for Concrete Containing 1-1/2-ln. Aggregate 

16. Utilizing the test methods selected in phase I, and other teats 

necessary for measuring the distribution of the mixture Ingredients, sev- 

eral batches were made and tested at different mixing times. Since It Is 

assumed that the ingredients of well-mixed concrete are reasonably well 

distributed, then one can be reasonably certain that the concrete is well 

mixed if tests indicate uniform unit weight of air-free mortar and uniform 

percentages of coarse aggregate, water, and cement between samples. 

17. Twenty-four batches of concrete containing l-l/2-in. aggregate 

were mixed in the 10-3 Koehrinc mixer in phase II, six each for mixing 

timco of 1*5, 90, l^O, and 2'»0 sec. Each batch was sampled after mixing and 

tested for the four characteristics mentioned in paragraph 16. (it will be 
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noted that l\io  detcmiinnilonG of pcrcentace of cnaraa  ocrjrecate were made, 

oiv.* baced on the alr-contcnt teot container 6ump2e ac In ftrovlous tocts, 

and the other on the total cample to determine whether uoe of a Janrje can.- 

plo would reduce sompllnr; error. Ronults shown In table 3 indicate that 

both Bample sizes were satisfactory.) 

10. In the followint1; analyses of results of mixing-time tests, all 

the data from concrete batches mixed 2h0 sec In phases I and II were com- 

bined to provide a better basis for establlshine permissible variations in 

unit weight of air-free mortar and percentage of coarse agcrecate than 

those provided by phase I alone. Aßain the normal variation within ba*ch 

was established as the averace variation plus two standard deviations, as 

shown below. 

Tost Property 

Unit weight of 
air-free mortar 

% coarse aggregate 

Average        Standard Upper Limit 
Variation (x). <&   Deviation (s). i   x » 2S Selected. | 

0.33 

2.33 

0.19 

O.85 

0.71* 

14.03** 

0.8 

5.0 

* The test ranrje for the unit  weight of air-free mortar was 0.62'* to 
O.^'J/J,  and it wan felt that OA'/fi  should be the upper limit. This ic 
the limit permitted by the Bureau of Reclamation. 

"" The ter.t range for the 1 c-rcentuge of coarse aggregate was k.2b to 
'».'»'t^, and it was felt that the limit should be 5^6 as permitted by the 
Bureau of Reclamation. 

19» Since no water-content or cement-content tests were made in 

phase I, the limits selected for these two properties are based on the data 

developed from the batches mixed 2^0 sec in phase II. Again the relation 

used to set limits was the average variation plus two standard deviations, 

as shown below. 

Test Property 

Water content 

Cement content 

Average Standard            Upper Limit 
Variation (x). ^  Deviation (S). i     x +• 2S  Selected, j 

1.92 1.30       ^.52 

6.96 

1.30 

2.52 12.00 

5-0 

12.0 

The limits of 5«0^ for water content and 12.0^ for cement content were se- 

lected on the basis of these data. (The cement-content limit was later 

changed to 10^4 when the test method for determination of cement content 

was revised for the phase V tests; see paragraph 26.) 
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20.    Applying the limits on muximum variation of ü./.^ for air-free 

density, 5'0fj for coarse eenreyate, 5.0^ for water content, and 12.0^ for 

cement content to the three samples from each of the six batches tested, 

the number of batches tested In phase II that would be within these limits 

are: 

Number of Batches 
Falling Within Selected Limits 

Mixing 
Time 
sec 

Concrete Water 
Content 
of Fresh 
Mortar 

0 

Cement 
No. of 
Batches 
Tested 

UnH Weight 
of Air-Free 
Mortar 

0 

Percentage 
of Coarse 

0 

Content 
of Dry 
Mortar 

6 ^5 1 

6 90 l* 6 3 5 
6 150 6 6 6 6 
6 2h0 6 6 6 6 I ' 

These data Indicate that with this particular mixer (the 10-S Koehring), 

using these test limits, it is necessary to mix a batch 130 sec in order 

to obtain well-aixed concrete. The 90-sec mixirtg time produced borderline 

concrete. 

Fr.ase III. Laboratory Tests of Suitability of Evaluation Tests 
for Concrete Containing 6-in. Maximum Size Aggregate 

21. Twelve batches of 6-in. maximum size aggregate concrete were 

proportioned and mixed in the 10-S mixer, six for 15 sec and six for 2U0 

sec. From each batch three samples of approximately 2 cu ft were taken 

and tested. Results of these tests are shown in table '•. Using the phase 

II limits given in paragraphs 18 and 19 and an additional 13$ limit (as de* 

termined In phase III, see paragraph 22), for percentage of coarse aggre- 

gate, the number of batches that would be within these limits are: 

Number of Batches 
 Palling Within Selected Limits 

Ho. of 
Batches 
Tested 

6 

Percentage of Water Cement 
Mixing   Unit Weight   Coarse Aggregate Content Content 
Time    of Alr-Free   ~5^       13^ of Fresh of Dry 
sec      Mortar     Limit    Limit Mortar Mortar 

15 
2')0 

1 
6 

1 
2 

il 
6 

1 
6 

1 

5 

rfM mmm 
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22. Tlie maximum variations Bt-t for the  l-l/2-J.n. muximum size tj^i^cc- 

ßate concrete in iihaseB I and II appear to be satibfactory for the 6-in. 

aggreaate concrete except possibly for the percentage of coarse aggregate. 

The maximum variation of 5^ previously set for this test property would 

huve to be Increased to allow all of the batches mixed 2'«0 sec to be within 

the limits, and using the method of the average variation plus two standard 

deviations for these six batches, the limit would become 13?o. This in- 

crease may be due to the size of sample (2 cu ft), or to the small batches 

used in the 10-S mixer, or most probably to the mixer not being suitable 

for use with 6-in. aggregate. 

Phase IV. Field Teots of Suitability of Evaluation Tests 
for Concrete Containing 6-in. Maximum Size A^re^ate 

23- In this field phase of the investigation, nine batches of con- 

crete containing 6-in. maximum size aggregate were proportioned and mixed 

in the 2-cu-yd mixer. Three batches were mixed for 15 sec, supposedly 

representing a poorly mixed concrete; three were mixed for 120 seCi repre- 

senting a standard mixed concrete; and three for 2*10 sec, supposedly 

representing an excessively mixed concrete. The results of these tests 

are shown in table 5« The number of these batches that would be within 

the limits given in paragraph 20 are: 

Number of Batches „ 
 Falling Within Selected Limits 

Concrete 
No. of 
Batches 
Tested 

3 

3 

3 

Mixing 
Time 
sec 

15 

120 

2»*0 

Unit Weight 
of Air-Free 
Mortar 

0 

3 

3 

Percentage 
of Coarse 
Aggregate 

0 

2 

Water 
Content 
of Fresh 
Mortar 

0 

3 

3 

Cement 
Content 
of Dry 
Mortar 

0 

1 

3 

The muximum variations of the batches mixed for 2^0 sec are within the 

previously established limits, which indicates that these data are compa- 

rable to the laboratory data obtained in phases I and II. Two of the 

batches mixed for 120 sec exceeded the limits for cement content, and one 

exceeded that for percentage of coarse aggregate. It is to be noted that 

the percentage of coarse aggregate values for two of the batches mixed for 
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120 sec nmi nil of the batches mixed for L'^iü sec are within the yfi  limit 

established for l-l/2-in. maximum size acgreßate concrete in phases I and 

II.  It is believed that the lower values r-rvured in the phase IV field 

tests compared with the 13/i limit determined in the phase III laboratory 

tests of 6-in. aggregate concrete are probably due to the difference in 

size and design of the two mixers. 

Phase V, Revised Cement-Content Test 

Revisions 

2h.    Although it was realized that care and time are necessary to 

obtain accurate results In the cement-content test, it was still felt that 

this test should be part of the mixer performance evaluation. Therefore 

an extensive study was made of the procedures used previously in the 

cement-content test in an effort to find means of improving its repro- 

ducibility. From this study the recommended method outlined In Appendix A 

was developed. 

25« Two revicions in the original cement-content test procedures are 

incorporated in the recommended method. First, It was found In the oleve- 

grinding operation used to increase the fineness of the dry concrete and 

sand prior to centrifuging that when the mortar was ground fine enough to 

pass the No. 30 sieve used in the ,original test method, some fine material 

was manufactured which did not properly separate in the heavy media. When 

a Ho. 16 sieve was substituted for the No. 30 sieve, the amount of ex- 

tremely fine material was decreased, and the test results appeared to be 

more reproducible. Second, it was noticed that In the acetone washing of 

the floating materials taken from the centrifuge tube, the material never 

settled out of the wash in less than about 20 sec. Therefore it was 

thought that the variable settling time permitted by the original method 

caused-different degrees of settling, and that a definite settling time 

should be established in order to secure optimum separation. lay experi- 

mentation It was found that more reproducible results could be obtained 

using the settling times specified In Appendix A. 

Tests usinp; revised method 

26. Eight batches of concrete were proportioned with two maximum 

! ' 

■- - ' 



id 

pice aßgreoates (l-l/2 and '1 In.) and with varying; cement, f*ci.orfl, '^nd wore 

mixed In the laboratory 10-;; mixer. Reo.'ltB of tcots on M re ü^uulc:.  of 

each butch (table 6) indicate un improvement, in the teat uxthod a:,  r,spared 

with results obtained In phases II and III. It la felt that the corputed 

variation of 9*30^, which is the average variation plus two standard devia- 

tions, would Justify the establishment of 10^ as the upper limit in cement- 

content variation between samplea instead of the 12^ limit prevloucly used 

in the other phases of this investigation when th? minus No. 30 material 

was used for the cement-content testa. 
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PART IV: DISCUSSION OF EVALUATION TEST PROCEDURES 

27. Comments on the suitability of the test procedures selected in 

this investigation for evaluating concrete mixer performance are as 

follows: 

a. Somplinp;. For evaluating mixer performance, concrete sam- 
ples should be obtained from the first, middle, and last 
portions of the mixer discharge.  In this investigation all 
of the samples were obtained after the batch had been dis- 
charged into the sampling container or containers. 

b. Unit weight of air-free mortar. Since this test is not in- 
fluenced by the effects of eir content and percentage of 
coarse aggregate, it should p/ovide a good indication of the 
distribution of the water, cement, and sand. The limit on 
maximum variation between samples as developed in this in- 
vestigation appears to be 0.8f,. This is in agreement with 
the findings reported by the Bureau of Reclemation, except 
that the Bureau uses two rather than three samples. This 
limit appears satisfactory for both I-I/2- and 6-in. maxi- 
mum size aggregate concrete. 

£. Percentage of coarse ar^regate■ This test provides a meas- 
ure of the distribution of the coarse aggregate in the con- 
crete. Care must be taken to obtain representative samples 
of the concrete. A 0.25-cu-ft sample of l-l/2-in. aggregate 
concrete appeared to be adequate; however, the 6-cu ft field 
sample of 6-in. aggregate concrete gave less variation in 
percentage of coarse aggregate than did the 2-cu-ft labora- 
tory samples. This could have resulted from the use of the 
different-size mixer. The maximum variation (average varia- 
tion plus two standard deviations (s)) between samples was 
found to be U.03$ for the l-l/2-in. maximum size aggregate, 
but a value of 5^ was used in t1 is study. Since this was 
in agreement with the limit of 'i set by the two-sample 
procedures of the Bureau of Reclamation, it is believed that 
5^ should be used. ^Although the limit derived from the 6-in. 
aggregate concrete mixed in the laboratory 10-S mixer was 
13,'j, the value obtained from the 6-in. aggregate concrete 
mixed in the 2-cu-yd field mixer was within the 5^ limit. 
Thus, the 57" value appears to be suitable for all concrete 
mixtures containing both I-I/2- and 6-in. maximum size 
aggregate. 

d. Water content of fresh mortar. This test, simple and easy 
to run, apparently provides a good indication of the dis- 
persion of the water in the concrete. The limit of varia- 
tion established for this test was 5^« 

—  e. Cement content of dry mortar. Accurate determination of 
cement content would be one of the best tests of mixer per- 
formance. However, difficulties were encountered at first 

- '- 
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in obtalnlnc accurate determlnatlnnn. It was believed that, 
if the cement content was determined on a weight basis as a 
percentage of the dry mortar sample the accuracy would be 
improved. Strict adherence to the procedures specified for 
the preparation and testing of the samples is necessary. 
It is believed that the revised method of testing for cement 
content given in detail in Appendix A is reliable. The 
limit of variation set for cement content using this revised 
procedure is 10^. 

28. Evaluation studies of mixer performance have also been made by 

the Ohio River Division Laboratories,  and resulted in the following recom- 

mendations: (a) Three samples should be taken, one from the front, middle, 

and back of the batch; (b) tests of unit weight of air-free mortar, per- 

centage of coarse aggregate, water content of mortar, cement content of 

mortar, and air content of mortar should be made. These recommendations 

are in close agreement with WES recommendations except for the air content 

of mortar test which WES omitted. 

- ■'- - 
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PART V:  CONCLUSIONS 

that; 

29- Based on the results of this investigation, it is concluded 

a. The procedures suggested herein will furnish reliable in- 
formation as to the uniformity of mixing of concrete mate- 
rials by a concrete mixer. 

b. Three samples taken from the first, middle, and last por- 
tions of the batch as it Is discharged from the mixer are 
adequate■ 

c. Te^ts to determine unit weight of the air-free mortar, the 
percoauGg-a ^f coarse aggregate in the concrete, the water 
content of the fresh mortar, and the cement content of the 
dry mortar will provide information as to the distribution 
of the component parts of the concrete batch. 

d. From the work reported herein, it seems that maximum varia- 
tions from the average for each test should be: 

(1) Unit weight of air-free mortar,, 0.8^. 

(2) Percentage of coarse aggregate, 5'/o. 

(3) Water content of mortar, 5^- 

(4) Cement content of dried mortar,* 10^. 

e. It is recommended that the complete evaluation be used when 
a mixer is first put into operation on a job and at any time 
when there is a question as to its efficient mixing opera- 
tion. It is, however, suggested that routine checks be made 
at frequent intervals using only the unit weight of air-free 
mortar and the per cent of coarse aggregate test as these 
values will indicate the uniformity of the aggregate, 
cement, sand, and water or the necessity for a full evalua- 
tion. 

( 

* Based on the cement-content test described in Appendix A. 
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1.    Abroma, Duff A.,   "liffcct of time of mixlnr, on the ctrcrvith of con- 
crete'     American Arclii lc<:tt  vol llU-115 (lylü-lyly). 

A study of mixing time uslnQ one mtxor with 6- by 12-in. cylinder 
crushing strength as a (^uide. 

i i 

2. American Society for Tcstinc Materialo, "Proposed method for analyzing 
fresh mortar." American Society for Toctinn Materials Bulletin, Ho. 
1^4 (October l*;'ici), p 21.      " 

Method sußCt-'ßts masonry mortar test involvinc centrifußlnc the minus 
2Ü0-Gieve-size material. Similar to reference 1. 

3« Andersen, J., Dredsdorf, P., Krarup, H., Malmstedt-Andersen, K., 
Nerenst, IT, and Plum, N. M., Testing of Eleven Dunisli Concrete 
Mixers. Copenhacen, Denmark, IV',1 !• 

One ol' the moat complete test procrams found. The meonods used in- 
cluded crushinc strength (cylinders and cubes), won;ability by the, 
Vebo apparatus, and un analysis of the concrete mixture for cement 
content, water content, and fine- and coarse-accrec^6 contents. 
Chemical methods were tried but were found too time-consuminc; 
pyenometer was used to determine volume, and sieves were used for 
breakdown.  This report lists 111 methods. 

k.     "Checking concrete water-cement ratio." En^lneerinrr, vol 175* Ho. 
k^k,  London, Encland (Muy 0, 19!)3)> P &Oti.    Also see Cancrete and 
Constructional Enr.ineerinp;, vol ^6  (Dec 1951)» P 37'+, and Pit and 
f.;uarry. vol ^6 {l(J^h),  pp I58-I60, 16^ of February I95U issue. 

Method describes a probe-type meter. Procedure is to insert probe in 
freshly mixed concrete; a built-in vibrator brings mortar to the sur- 
face, and the water content of the mortar is determined by its elec- 
trical conductivity. 

5. Davis, 0. L., "Analysis of variance," in Statistical Methods in Re- 
search and Production (Hafner Publis.iing Co., New York, N. Y., 1956)» 
Chap. 6. 

6. DroeQe, W. H., "Dissect your fresh concrete." American City, vol hi, 
No. 12 (19^6), and Chemical Abstracts, vol k2  (I9I48), p 35U8. 

Method uses drying and sieving. 

7. Dunapan, W. M.. "A method of determining the constituents of fresh 
concrete." Proceedings, American Concrete Institute, vol 26 (1930); 
pp 202-221. 

The method first used by the Bureau of Reclamation involving special 
apparatus to secure the weight of concrete sample immersed in water. 
The concrete is sieved to provide mixture breakdown. Discussion in 
Proceedinr.s. American Concrete Institute, vol 26 (I930), pp 6ÜO-687. 
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CoiiaaontD by  lluitlicB, Woca,  Orlcoenuuer, and Fluol, v;iio In general ap- 
provcd, anil L'ortln, who did not approve of the beet meLhod. 

0. Grlesenauer, G. J., "A Bubstitute for the comprcQsion test of con- 
crete." Fn^inoerin;1: Ncwc-Record, vol 103 (1929), pp O'IG-O'IT. 

A slevinu test to determine the conotltuent parts of a mixture. 

9» Harrison, J. L., "Effect of the lenf.th of the mixinc period on the 
quality of the concrete mixed in standard pavers." Public Roads, 
vol 9 (1<;2Ö), pp 93-111. 

An InveBtl^atlon of mixinc time using slump cylinder results and 
cement-water ratio; samples from the middle'of the batch. Harrison 
checked Abraras' (see reference l) results on a decrease in crushing 
Gtrength with an increase in mixing time from 1 to 2 min. 

10. Hirne, W. f!., and Willis, R. A., "Method for determination of cement 
content of plastic concrete." Amei-lcan ooclety for Testing Materials 
Eullctinj No. 209 (October 1955), PP 37-^3« 

Cutlinea a method of heavy-liquid-media separation for the determina- 
tion of cement and fine sand (-100) in a sample of fresh concrete. 
Ti.ia article lists 3'' references concerning the subject in general. 
For the most part, all the procedures are similar and use one of the 
methods listed below: 

a. Dunagan type, specific gravity, unit weight. 
b. Sieve analysis or wash over a sieve. 
c. Testing of hardened cast specimen. 
d. Workability tests. 
e. Drying tests.' 
f. Hydrometer analysis. 
g. Chemical analysis. 
h. Centrifuging to separate materials into fractions of dif- 

ferent specific gravities. 
i. Electrical methods of conductivity, 
j. Air content. 
k. Air-free density. 

1 

11. Klrkham, R. H. II., "Testing ^f concrete mixers." The Engineer, vol 
195 (January-June 1953), PP 232-235, PP 286-280, pp 321-323, PP 3^1- 
3''3. 

An adaptation of Dunagan's method. 

12. Heyer, Erik V., "Determination of the mixing ratio for unset concrete 
or mortar by physical investigation." Beton-Tekn, vol Ö (19^2), 
pp 125-131, and Chemical Abstracts, vol 38 (19^), p 4399. 

Describes a combination chemical (NH.Cl) and sieving method. 

13. Murdock, L. J., "The efficiency of concrete mixing plant." Institu- 
tion of Civil Eniäneers Journal, vol 31, No. 1, London, England 
(November I','*1'), pp 50-01. 
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Method uses sievinc, drying, and chemical annlysiE. 

Ik. Patch, 0. G., "Mixer efficiency or mortar-mix tests." Journal, Ameri- 
can Concrete Institute, vol 10, No. 3 (6 January 1939)» PP 173"170. 

Frocram of tests for mixers at Coulee Dam. Test method Includes un- 
Gcramblinc by washinc and immersion, similar to Duna^an's method. 
This was one of the Bureau of Reclamation Designation 26 tests. The 
discussion by Mr. Abrams is quite critical of the test method and the 
sampling procedure. The author's closure and one by Arthur Ruettger 
attempt to answer Mr. Abrams1 objections. 

15. "Portable equipment developt«! for large concrete samples." Engineer- 
inp; News-Record, völ 131 (19^3), P O92. 

Describes a large Dunagan apparatus. 

16. U. S. Army Engineer Division, Ohio River, CE, Mixer Performance Study, 
Clinton County Air Force Base, by I. Narrow. Mariemont, Ohio, October 

1959.' 

17. U. G. Army Engineer Waterways Experiment Station, CE, Handbook for 
Concrete and Cement, with quarterly supplements. Vicksburg, Miss. 

18. U. G. Bureau of Reclamation, Concrete Manual, 2d ed. 1939» 

Page 196:  "Variations of over 10 per cent in either the sand-cement 
ratio or the water-cement ratio as determined by testing three dis- 
tributed samples...should be corrected by blade change or batching im- 
provement or by increase in the mixing time." 

In Designation 26 the following procedure is used: 

a. Samples obtained from different parts of the mixer. 
b. Apparent water:cement and sand:cement ratios determined. 
c. Three samples obtained. 
d. Screened over No. k  sieve. 
e. Minus No. k weight in air and weight in water determined. 
f. Specific gravity of sand and cement and percentage sand 

determined. 

19.  , Concrete Manual, ^th ed. October 19^2. 

Page 252, the following are recommended: 

a. Test of unit weight of air-free mortar should be made. 
b. Coarse aggregate, larger than 3A in., in the last lOfy of the 

batch discharge should not differ by more than 20$» by weight 
or volume from that in the first 10^. 

In "Mortar Test," page 432, the following procedures are recommended: 

a. Obtain three samples large enough to yield 1000 g of mortar. 
b. Sieve samples on a No. h  sieve. 
c. Weigh samples and determine volume (pyenometer). 
d. Calculate the specific gravity of the air-free mortar. 
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e. Variability is equal to the difference between maximum and 
minimum values. Results should not vary more than 2.3 lb 
per cu ft. 

In "DiscuGsion," pace '»37:  Based on several hundred tests, it was 
apparent that the unit weights of the mortars reflect the adequacy of 
mixinc as well as variations in ratios. 

20. U. S. Bureau of Reclamation, Concrete Manual, 5th  ed. September 19^5• 

Page 222: The same coarse aggregate specification as in reference 19- 

Page 239J The same pyenometer method as in reference 19 but with the 
maximum allowable variation for a single batch of 2.3 lb per cu ft. 

21. 

Page 213: 

a. 

Concrete Manual, 6th ed. 1955' 

The unit weight of air-free mortar at the front and back of 
the mixer will not vary more than 0.8^ from the average of 
the two mortar unit weights, 

b. The weight of coarse aggregate retained on a No. h  sieve in 
a cubic foot of concrete from the front and back of the mixer 
will not vary more than 5^ from the average of the two 
weights of coarse aggregates. 

Page kkl,  Method - Designation 26; 

a. Use l/U-cu-ft air meter for concrete containing l-l/2-in. or 
smaller aggregate. 

b. Obtain two samples. 
c. Variations in mortar indicate the need for increased mixing 

time. Variations in weight of coarse aggregate indicate 
poor mixing design or worn blades. 
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Table 2 

Results of Teeta of I'norl.y MJxed (MixirK1: Tltnp,  3V oegj Cone rt'te 

Cental nine; 1 •l/r.'-ln. Mnx innim Size t Vycre^ate 

Phuse T, Laboratory Tents • 

56 Coarse Unit 
Pressure Unit Mortar: ^CCregute Weight of 
Air Weight Course in Alr- Air-Free 

Batch Sample Content Concrete Aggregate Content Mortar 
No. No. 

5-0 

Ib/cu ft 

1^6. ii8 

Ratio Container 

50.3 

Ib/cu ft 

142.19 11 A 0.99 
C 5-5 1^6.48 1.07 48.2 144.44 
E 4.5 1U7.29 0.72 58.3 138.19 

Avg 5.0 1U6.75 0.93 52.3 141.61 
Max var, * 10.0 0.37 22.6 11.5 2.4 

12 C k.6 1U7.29 0.82 54.8 140.38 
E 6.2 1U3.6U 0.76 56.9 136.92 
A 3.8 149-72 O.96 51.1 144.35 

Avg M 146.88 O.85 54.3 140.55 
Max var, * 26.5 2.21 12.9 5-9 2.7      ' 

13 E k.8 147.29 0.70 58.8 138.80 
A k.o 148.yl Ö.90 52.8 142.71 
C h.5 11)4.45 0.77 56.1 133.68 

Avjr k.k 146.88 0.79 55.9 133.40 
Max Var, * 9.1 I.65 13.9 5.5 3.4 

14 C I1.5 147.29 0.82 52.9 140.09 
A 3-5 148.50 0.95 51.3 141 ?4 
E 5.0 145.67 0.81 55-3 138.kl 

Avg U.3 147.15 0.86 53.2 139.85 . 
Max var, t 18.6 1.01 10.5 3.9 1.2 

15 E 3.6 149.72 0.84 54.4 142.31 
C k.2 146.88 O.83 54.6 138.59 
A 3^ 148.50 0.97 50.7 141.22 

Avg 3-7 148.37 0.88 53.2 140.71 
Max var, * 13.5 1.00 10.2 4.7 1.5 

16 A k.o 149.31 0.80 55-5 142.19 
E - k.6 147.29 0.77 56.3 139.58 
C k.o 146.07 0.87 53.5 i37.ll 

Avg k.2 147.56 0.81 55.1 139.63 
Max var. * lk.3 1.19 7.4 2.9 1.8 
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62 A 
B 
C 

Avg 

1-1/2 

»fax var, % 

63 A 
B 
C 

Avg 

1-1/2 

Max var. i 
61» A 

B 
• 1-1/2 

C J 

Avg 
Max var, i 

65 A 
3 
C 

Avß 

1-1/2 

Max var, $ 
66 A 

B 
C 

Avg 

6 

Max var, * 
6? A 

B 
C 

Avg 

6 

Max var. * 
68 '      A 

D 
C 

Avg 

6 

Max var. * 
69 A 

B 
C 

Avg 

6 

Max vai;, * 
Grand avg Max var. * 

Std dev. * 
Grand avg 

+ 2 std 
dev, i 

Cement. Cement Content 
Content by Weight of 

bag(;/cu yd Dried Mortar 

k 21.6 
25.1+ 
23.2 
23. uo 
8.55 

5 P6.2 
26.0 
2U.2 
25.U7 

»».99 

5-5 26.5 
29.6 
27.3 
27.80 
6.1*7 

6 27.9 
29.2 
29.9 
29.00 
3.79 

2 12.6 
13.6 
lU.2 
13.^7 

6.1+6 

2.5 16.U 
16.9 
16.7 
16.67 
1.62 

3 18.2 
18.3 
17.1 
17.87 
Mi 

U 25.3 
27.9 
26.6 
26.60 

1*.89 

5.1»» 
2.08 

9.30 



APPENDIX A 

CRD-C 55-61 

METHOD OF TEST FOR 
CONCRETE MIXER PERFORMANCE 

Al 

Scope 

1. This method outlines proce- 
dures for the evaluation of the effec- 
tiveness of a concrete mixer in mix- 
ing concrete by testing samples of the 
concrete for water content, cement 
content, unit weight of air-free mor- 
tar, and coarse aggregate content. 

Apparatus and Materials 

2. The apparatus and materials 
shall consist of the following: 

(a) Concrete Mixer.- The concrete 
mixer to be evaluated. 

(b) Air Meter.- An apparatus com- 
plying with the requirements of CRD- 
C 41 for determining the air content 
of freshly mixed concrete by the 
pressure method. 

(c) Scales or Balances.-Scales and 
balances complying with the appli- 
cable provisions of CRD-C 512 and 
having capacities of 1000 lb, 2 kg, and 
25 g, with an accuracy of 0.05% for 
any weight up to  the listed capacity. 

(d) Centrifuge.- A centrifuge com- 
plying with the applicable require- 
ments of CRD-C 7J. 

(e) Drying Apparatus.- A hot plate 
capable of heating to at least 200 C, 
a drying pan, and a spatula. 

(f) Sieving Apparatus.-A mechani- 
cal sieve shaker and sieves for siev- 
ing the concrete; the sieves shall 
conform to the requirements of CRD- 
C 102. 

(g) Heavy Medium.-A liquid having 
a specific gravity of approximately 
2.95 (1, 1, 2, 2 -tetrabromoethane is 
satisfactory). 

(h) Mortar and Pestle.- A mortar 
and pestle made of material having a 
specific gravity less than 2.85. 

(i) Sampler.- A suitable sampler 
to obtain representative samples. 

Samples 

3. Three samples shall be taken to 
represent the first, middle, and last 
portions of the batch discharged from 

the mixer.   The sample size shall, in 
general, be as follows: 

Maximum Nominal 
Size of Concrete 

Aggregate 
 im  

3/4 
1-1/2 

3 
6 

Procedures 

Approximate 
Size of Each of 
Three Samples 

cu ft 

0.50 
0.75 
1 
3 

4. Sample Preparation.- (a) Weigh 
each of the three samples of freshly 
mixed concrete, andfor concrete mix- 
tures containing aggregate larger than 
1-1/2 in. perform a preliminary me- 
chanical sieving in order to obtain 
approximately75lb of material pass- 
ing the 1-1/2-in. sieve for use in de- 
termining the unit weight of air-free 
mortar. For concrete mixtures con- 
taining no aggregate particles that 
would be retained on the 1-1/2-in. 
sieve, use the sample as obtained. 

(b) Take approximately 25 lb of the 
concrete containing no aggregate 
particles that would be retained on 
the 1-1/2-in. sieve representing each 
of the three samples of the mixture, 
and mechanically sieve each over a 
dampened No. 4 sieve for 5 min. Use 
the material passing the No. 4 sieve 
for water-content and cement-content 
tests. 

(c) In both of the sieving operations, 
care should be taken not to overload 
the test sieve; this can be done by 
using coarser sieves above the test 
sieve. The sampling and testing of 
the three samples should be conducted 
with as little a time lag as possible 
since the results are significantly 
affected by the time of testing. 

Unit Weight of Air-free Mortar 

5. (a) The unit weight of air-free 
mortar is determined on the portion of 
each of the three samples passing the 

1 

mm^mm mm* 
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l-l/ii-iii. sieve. First, consolidate 
the concrete in the air-content test 
container and obtain the weight for 
that volume; then determine the air 
content on the same sample using the 
procedure given in CRD-C 41. Wash 
the entire air-content test sample 
over a No. •! sieve, and obtain the sat- 
urated surface-dry weight of the re- 
tained aggregate. 

(b) The unit weight of air-free mor- 
tar is calculated as follows: 

M = b - c 
v     /V x A c       \ 

\  100    ^ G x 62.3^ 100    ' G 
where: 
M= unit weight of   air-free mortar, 

Ib/cu ft, 
b = weight of concrete sample, lb, 
c = saturated surface-dry weight of 

aggregate retained on the No. 4 
sieve, lb, 

V = volume   of  the   air-content   test 
container, cu ft, 

A = air content of sample tested,   %, 
and 

G= specific   gravity   of   the   coarse 
aggregate. 

Percentage of Coarse Aggregate 
in Sample 

6. (a) In addition to the sample 
from the air-content test container, 
which has been previously washed 
over a No. 4 sieve, wash all of the 
original concrete for each of the three 
samples (including that portion pass- 
ing the 1-1/2-in. sieve previously 
sieved out) over a No. 4 sieve and 
obtain the total saturated surface-dry 
weight of material retained on the 
No. 4 sieve. 

(b) For concrete containing large 
aggregate it may be desirable, after 
the total weight retained on the No. 4 
sieve has been obtained,,-to sieve the 
retained material over the 1-1/2- and 
3-in. sieves to obtain further infor- 
mation concerning the distribution of 
the coarse aggregate for each of the 
three samples. 

(c) The percentage of coarseaggre- 
gate retained on each of these sieves 
is obtained by dividing the saturated 
surface-dry weight of the material 
retained on each sieve by the weight 

of the original sample of the freshly 
mixed concrete as obtained from the 
mixer discha rgc. 

Water Content 

7. (a) Using that portionof the mix- 
ture passing the No. 4 sieve for each 
of the three samples, weigh out two 
500-g fractions into pans and dry on 
the hot plate for at least 15 min after 
the material appears to be thoroughly 
dry, being careful to prevent any loss 
of solid material from the pans during 
drying. 

(b) Upon completion of the drying, 
again weigh the samples to the near- 
est 0.1 g and determine water con- 
tents by the following formula: 

500 - W 
500 100 

where: 
P = water content of sample,   %,  and 
W = weight of the dried sample, g. 

(c) The water content reported 
shall be the average of the two 
determinations. 

Cement Content 

8. (a) Combine each set of the 
two individual dried samples from 
the water-content determination, stir 
thoroughly until well mixed, and quar - 
ter the material to obtain two 30-g 
representative fractions. Pulverize 
these 30-g fractions until each of 
them completely passes a No. 16 
sieve. Take a 2ü-g portion from 
each and pour these separately into 
two 40-ml centrifuge tubes. To each 
add approximately 20 ml of 1,1,2,2- 
tetrabromoethane (specific gravity, 
2.95) and stir until all the material 
is wetted; then add more 1,1,2,2- 
tetrabromoethane, bringing the vol- 
yme up to 40 ml. 

(b) Put the tubes in the centrifuge, 
turn it on and allow it to build up an 
RCF of 190, and maintain this force 
for 3 min; then cut off the power. 
After the tubes have stopped revolving, 
rotate each of them 180 degrees and 
stir, the top layer of solids. Then 
turn on the centrifuge and allow it to 
build up an RCF of 525,  and maintain 
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this force for A min. Slop the centri- 
fuge and rotate the tubes 1 HO degrees, 
stir the fop layer of solids, and again 
centrifuge as before at anRCF of 5<15 
for 4 min, 

(c) Stop the centrifuge, remove 
tubes, place them in a rack, and allow 
suspended particles in the tube to 
settle for 5 to 10 min. Then with a 
spatula puncture the layer of floating 
solids in each tube, pour this layer 
and any of the heavy liquid which pours 
with it into a beaker containing "ap- 
proximately 75 ml of acetone, being 
careful not to allow any of the heavier 
solids from the bottom of the tube 
to be included in the pouring. With 
the spatula, carefully transfer to the 
beaker any of the lighter solids which 
may remain on the inside or outside 
of the tube after pouring. Vigorously 
stir the acetone containing the solids 
for 5 to 10 sec; then allow the solids 
to settle out for 40 sec; carefully de- 
cant off the acetone; add approximately 
50 ml acetone to the solids left in the 
beaker; stir 5 to 10 sec; allow the 
solids to settle out for 20 sec; decant 
oiT the accluiio; pour approximately 
50 ml more acetone over the solids; 
stir vigorously 5 to 10 sec; allow the 
solids to settle out for 20 sec; and 
decant off the acetone. Dry the solids 
then left in the beaker qn a hot plate 
or in an oven; then cool and weigh to 
the nearest 0.01 g. There will be two 
weights of material having a specific 
gravity less than 2.95 for each of the 
three samples from each mixer  test. 

(d) The cement content of the dried 
concrete finer than the No. 4 sieve 
for each of the centrifuged samples, 
tested as indicated in Paragraph 8(a) 
through (c), shall be calculated as 
follows: v 

„     20 - F 
20 100 

where; 
C = cement content of the dried con- 

crete finer than the No. 4 sieve, 
%, and 

F = weight of the minus 2.95 specific 
gravity solid material separated 
from the 20 g of minus No. 16 
pulverized dried concrete, g. 

Report 

9. (a) In preparing the report on 
evaluation of the performance of the 
mixer under test, the results for each 
of the three samples for each test 
should be averaged and the percent- 
age maximum variation from this 
average reported. This maximum 
variation in percentage should be de- 
termined for each of the tests. 

(b) The report shall include the 
following: 

(1) Name of manufacturer of mixer. 
(2) Type and capacity of mixer. 
(3) Mixing time for each batch of 

concrete tested. 
(4) Complete data concerning the 

mixture proportions, including mate- 
rials used and batch weight. 

(5) Weight of each of the three con- 
crete test samples from each batch 
tested. 

(6) Average cement content of dried 
mortar to the nearest 0.1% by weight 
for each of the three test samples. 

(7) Average water content of mor- 
tar to the nearest 0.1% by weight for 
each of the three test samples. 

(8) The unit weight of air-free mor- 
tar to the nearest 0.1 lb per cu ft for 
each of the three test samples. 

(9) Total amount of coarse aggre- 
gate to the nearest 0.1% by weight 
for each of the three test samples. 

(10) The maximum variation from 
the average for each test, for ce- 
ment content, water content, air-free 
unit weight of mortar, and coarse- 
aggregate content. 

(c) The performance of a given con- 
crete mixer as used for mixing a given 
batch of concrete for a given mixing 
time may be evaluated from the de- 
gree of variation reported under item 
9(b)(10) above. 

' 
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